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Abstract-This paper Presents the measurement of electromagnetic field strength of Treasure FM transmitter operating at a frequency of 98.5MHz in Port Harcourt and its environs with the aid of an Automated Band Scanner GPS system. The measurement was carried out by taking the radio Station's transmitter as a reference point at the Centre and selecting 24 measuring points around the transmitter. These points were selected with 1km spacing taken as the interval between two measuring points, summing up to a total of 6km due North, East, West and South of the Radio Transmitter respectively. The result obtained was critically analyzed and interpreted with the aid of an attenuation decay curve. The behavior of the signal was seen to be a function of the Ground Constant of the terrain, reflection of the signal from the earth surface, Diffraction by obstacles and transmitter parameters such as transmitter Power, Antenna Gain and Antenna Height.
Index Terms-Attenuation; Measurement; Signal Strength; Transmitter.
I. INTRODUCTION
A radio wave is an Electromagnetic wave which emanates from a radiating source. The radio wave assumes all the properties of a plane wave; the wave-front is the plane which contains the Electric (E) and Magnetic (H) vectors and is at right angle to the direction of propagation and power flow. Usually, it is convenient to carry out studies in terms of the electric component, E of the wave which is known as the electric field strength of the wave (Radio wave). The quantitative measure of the strength of an Electric field is known as the Electric field strength (Intensity) measurement. From Electrostatics studies, we can loosely define Electric field strength at a point as the force on a unit positive charge at that point and is measured in Newton's per Coulomb or Volts per meter (Vm-1). The level of Electromagnetic field strength needed to provide adequate reception in the presence of an interfering signal(s) is referred to as the usable field strength. [1] .
Treasure FM transmitter located at NTA premises Choba Road, Mgbuoba (latitude: 4°51'48.52"N, longitude: 6°57'48.80"E) transmits at a frequency of 98.5MHz with an output power of 3KW. The radio signal is propagated using space wave propagation mode. The measuring points were selected with 1km spacing taken as the interval between two measuring points, summing up to a total of 6km due North, East, West and South of the Radio Transmitter respectively. Fig. 1 below show the location of Treasure FM Radio Station in Port Harcourt, Nigeria 
A. Ground Wave Propagation
The propagation of the waves along the surface of the earth is called ground wave propagation. It is also known as surface wave propagation. These waves have the ability to propagate along the surface of earth as shown in Fig. 3 below. These waves bend around the obstacles which come in the path of these waves. Due to this rounding through the obstacles, the intensity of the electromagnetic waves will decrease rapidly. [2] , [5] 
B. Sky Wave Propagation:
Sky waves have frequency range between 2MHz to 30MHz. These radio waves have the ability to pass through earth's atmosphere. The ionosphere of our earth reflects these rays very efficiently. When these rays move along the atmosphere then their movement is from transmitter towards the receiver antenna as shown in Fig. 4 below This is called sky wave propagation of the waves [2] . 
C. Space Wave Propagation:
The space waves are the radio waves of very high frequency (i.e. between 30 MHz to 300 MHz or more). The space waves can travel through atmosphere from transmitter antenna to receiver antenna either directly or after reflection from ground in the earth's stratosphere region as shown in Fig. 5 below. That is why the space wave propagation is also called tropospheric propagation. [2] , [5] . There are different mathematical ways of representing the electromagnetic field. The first one views the Electric and Magnetic fields as three-dimensional vector fields. These vector fields each have a value defined at every point of space and time and are thus often regarded as functions of the space and time coordinates. As such, they are often written as E(x, y, z, t) electric field and B(x, y, z, t) magnetic field.
If only the electric field (E) is non-zero, and is constant in time, the field is said to be an Electrostatic field. Similarly, if only the magnetic field (B) is non-zero and is constant in time, the field is said to be a Magneto static field. However, if either the electric or magnetic field has a timedependence, then both fields must be considered together as a coupled Electromagnetic field using Maxwell's equations. Maxwell's equations can be written in tensor form, generally viewed by physicists as a more elegant means of expressing physical laws [3] , [6] .
The behaviour of electric and magnetic fields, whether in cases of electrostatics, magneto statics, or electrodynamics (electromagnetic fields), is governed by Maxwell's equations. In the vector field formalism, these are:
where ρ is the charge density, which can (and often does) depend on time and position, ε0
is the permittivity of free space, μ0 is the permeability of free space, and J is the current density vector, also a function of time and position. The units used above are the standard SI units. Inside a linear material, Maxwell's equations change by switching the permeability and permittivity of free space with the permeability and permittivity of the linear material in question. Inside other materials which possess more complex responses to electromagnetic fields, these terms are often represented by complex numbers, or tensors [3] , [6] .
IV. GROUND CONSTANTS
The relative permittivity and Conductivity Values for different type of ground is shown in Table I below 
V. MATERIALS AND METHODS

A. Measurement Procedure
The equipment for the electromagnetic field strength measurements is shown in Fig. 6 below:  A module such as a USB cord -To power the receiver system and also serves as a medium or interface for the visual output. Band Scanner GPS is a tool used to evaluate FM broadcast band and to log station identification parameters such as electromagnetic field strength, bandwidth, Received power at a distance and radio data system strength. "Band Scanner GPS" is a Google Earth compatible tool for visualization of selected FM Radio measurements [4] .
After connecting the device to the PC where the software is already installed, the USB indicator will become bright green. The software will adjust the unit with the initial data. In case of previous usage of the device, the last settings like frequency and levels will be assigned in the device. If everything is Okay and no problems are detected the software will look like 
B. Selection of Data points
As shown on the map of Fig. 8 about, six circles are drawn on the map taking Treasure FM Transmitter located at NTA premises Choba Road, Mgbuoba as the Centre point, a distance of 6KM radius at the four cardinal points taking 1km apart from the transmitter was measured at different locations due North, South, East, and West respectively. This was easily achieved with the use of Google Earth application as it depicts the location of the transmitter after inputting its coordinates. With the help of Google Earth visual, 1km intervals from the transmitter were easily projected and a measurement is taken with help of the GPS band scanner. The coordinates gotten from Google Earth application were easily imputed on the GPS Band Scanner since it's a Google Earth Compatible tool and can log stations identification parameters such as electromagnetic field strength, bandwidth, received power at a distance and radio data system strength [4] . above, it was observed that at 1km away from the transmitter where the field strength was measured to be 0.0478 µv/m, the signal was very high and at 2km away from the transmitter, the value of the field strength decreased considerably to 0.01205 µv/m, however, between 3km from the transmitter to 6km there was only slight changes observed in the value of the Field Strength From the graphical representation of the field strength due South it was observed that at 1km away from the transmitter where the field strength was measured to be 0.0541 µv/m, the signal was very high and at 2km away from the transmitter, the value of the field strength decreased considerably to 0.0268 µv/m, however, between 3km from the transmitter to 6km there was only slight changes observed in the calculated Field Strength value Fig. 12 shows the graphical representation of the field strength due West and it was observed from the figure that at 1km away from the transmitter where the field strength was measured to be 0.0526 µv/m, the signal was very high and at 2km away from the transmitter, the value of the field strength decreased considerably to 0.02783 µv/m, however, between 3km from the transmitter to 6km there was only slight changes observed in the Field Strength value.
B. Discussions
For an ideal isotropic radiating antenna, the signal Strength is always equal in all directions, but for this work the Signal Strength is not the same in all direction as the signal level due north is lowest relative to east, south and west as shown in Fig. 13 In summary, the figure above shows the Signal Strength level due North, East, South and West of the transmitter at a 6km range. The graph indicates the lowest field strength from transmitter due North relative to the highest due west of the transmitter. This is due to factors such as weather, topography of the area, mode of propagation and the Ground Constant at the time of measurement VII. CONCLUSION
